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A pangenome Variation Graph (VG) is a data structure that integrates complete information about genetic variations in a species or group of species [1].Computational pan-genomic is beginning to be discussed as a viable alternative to many standard approaches previously based on sequences [2]. Althoughin itself a compression of genome sequences, a fundamental problem is the size of this graph (tens to hundreds of millions of nodes): the application ofnumerous algorithms based on traversals is not possible and heuristics and indexing techniques are necessary to be able to manipulate and query it.We are interested in developing an approach to search for functional differentials in a VG via the detection of sequence pattern changes between thegenomes included in the graph. To do so, we search for probabilistic pattern described via a PSSM (Position Specific Scoring Matrix)[3]. Our approach aimsto output all significant PSSM score differentials that can be extracted from a VG. Note we detect motifs on node boundaries only (the score difference iseither null or undefined for motifs inside nodes).

• For a VG of one apricot chromosome, we detected 1029524 regions where we calculate score differentials (all 15 pairs of genome) in then less than 15 minutes.• We continue to optimize the algorithm to avoid redundant computations : use of a score threshold, reuse of score computation between pairs ...• Code needs to be extended to allow as inputs a collection of PSSM matrices.

Patterns from alignment PSSM a. Determine the score associatedwith the motif (PSSM) in the graph
b. Find for the differential withinscore the genomic species integratedinto the graph
c. Scale problem: whence ourmethod on subgraphs defined bypair of genomes to find thedifferential score

Overview of a pangenome graph [4]

• Our approach iterates on genome pairs• Below example shows 3 genomes (3 possible pairs)

• Yellow nodes : for each pair, the "bifurcation" nodes are listed, theyare the starting point to define sequence positions allowing a putativedifferential• In red text: for the pair (green, red) and for a PSSM matrix of length M,positions where scoring is necessary are selected.• Scoring: We use classic PSSM scoring algorithms[5][6] to detect adifferential. Positions in the bifurcation node are computed once.• Iteration: this process is repeated for all bifurcations, and all genome pairs

Implementation: C++ code, command-line tool
Input:pangenome graph in GFA format + some PSSM matrix in jaspar formatOutput:a list which contains differentials: the score differential value, the index ofthe bifurcation node in the graph, the corresponding genome positions

FORMALISM & IMPLEMENTATION
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• Score differential for twogenomes g1 and g2 in theapricot graph by setting thep-value of g1 to 10⁻⁴.
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Functionnal motifs described via a PSSM :

Score differentials for the ATHB-5 motif in an apricot graph : 6 genomes (genome size~230mb), chromosome 1 only, 2210860 nodes and 3026030 edges. (Data Courtesy ofVéronique Decroocq’s team, INRAE, BFP, Bordeaux)

• 350 regions (bifurcation nodes)show a low score differential(interval [0-10]).• Less than 50 regions show adifferential >10 , e.g. asignificant motif change withputative change/loss of function.

# node of bifurcation stable with the growth of the graph

Tendency of bifurcation node on the VG of cabbage with 4, 6 and 10genomes for the same chromosome. (Data courtesy of FabriceLegai & Alexis Merguez, INRAE, Génotoul Bioinfo)
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ATHB5: a regulatory motif from thejaspar database, with a role in thegrowth and germination of seeds(BL Raminger et al, 2023).
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